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human cells. If technology would permit the effective use of ecotropic retrovirus for human gene therapy protocols, this crucial safety concern could be alleviated. Uncontrolled virus replication in humans with ecotropic virus would be unlikely, the lack of natural receptors prevents infection of human cells. Here, we have developed and evaluated a strategy to accomplish this goal by synthesizing ecotropic retrovirus molecular conjugates (eMMLV-PL). To prove feasibility for this concept, the first step would require physical or chemical modifications of ecotropic retrovirus not only permitting infection of human cells, but also the efficient cellular transduction with the transferred gene. The development of strategies to overcome ecotropic/amphotropic receptor dependent vector uptake and enhancement of cellular transduction efficiency through circumventing the virus's natural pathway of cell entry has become a major goal of gene therapy research.
We previously described that recombinant adenovirus molecular conglomerate vectors (recMCV) substantially enhanced vector uptake and transgene expression after formation of polylysine based conglomerates over recombinant adenovirus particles alone (10) . Here, we investigate the hypothesis that polylysine conjugated retrovirus results in increased uptake and gene expression over the equivalent of unconjugated virus ( Figure 1A ). Furthermore, we hypothesized that through this procedure, the tropism restriction of ecotropic virus could be overcome and human cells would become amenable to transduction with ecotropic retrovirus vectors ( Figure 1B 
Materials and Methods:
Cells and culture conditions. The human embryonic kidney cell 293 line was provided by Dr. Robert Gerard, UT Southwestern, Dallas, TX (also available from ATCC) (11) . The human retinoblastoma cell line 911 was provided by Dr. Bout (12) . The human pulmonary epithelial carcinoma-derived cell line A549 was purchased from ATCC (Manassas, Virginia). All cell lines were cultured in DMEM (Gibco-Life Technologies, Gaithersburg, MD) supplemented with 10% fetal bovine serum (FBS) (Gibco-Life Technologies) and penicillin/streptomycin (P/S) (Cellgro Mediatech, Herndon, VA) and maintained at 37 0 C under a 5% CO 2 atmosphere in a humidified incubator (standard cell culture conditions performed at 70-80% confluence.
Retroviral vectors.
The amphotropic retroviral helper cell line PA317 or the ecotropic retroviral packaging cell line GP+E86 were transfected with the plasmid pLZ12 using calcium phosphate (13) (14).
Plasmid pLZ12 was described by Galileo et al. and is a modification from plasmids originally made by Casadaban (15; 16) . Plasmid pLZ121 encodes the lacZ reporter gene under control of the RSV promoter and has a 5'nuclear localization signal ( Figure 1 ).
The retroviral helper cell line was cultured under standard conditions (14) . Supernatants were collected from stable vector producing cells and retrovirus purification was performed following a procedure previously described by Akatsuka et al (17) . Briefly, a 30% (w/w) stock solution of polyethylene glycol-8000 (PEG-8000) (Sigma, St. Louis, MO) was prepared in double-distilled water and stored in aliquots at 4 0 C. Viral supernatants were gently mixed with polyethylene glycol in 250 ml polystyrene tubes to achieve a final 8% PEG solution. The mixture was maintained overnight at 4 0 C. After centrifugation at 1500bG for 45 min, the precipitate was dissolved in 3ml of TES buffer (10 mM Tris-HCl, pH 7.2, 2 mM EDTA, 150 mM NaCl). The titer of virus preparations was determined as previously described on NIH3T3 monolayers (18;19) . Gene transfer analysis. lacZ staining was performed as previously described (21) . Briefly, cells were fixed in 0.05% glutaraldehyde phosphate-buffer (150mM sodium chloride, 15 mM sodium phosphate, pH 7.3) (Sigma) for 10 min at room temperature, and rinsed with PBS. Cells were stained for lacZ expression overnight at 37 0 C using freshly made x-gal solution buffer (5-bromo-4-chloro-3-indolyl β-galactosidase 1mg/ml, 20 mM potassium ferrocyanide, 20mM potassium ferricyanide and 2 mM MgCl 2 in PBS). After rinsing with 70% ethanol, cells were analyzed by microscopy for blue cells.
Chemical linkage of retrovirus to polylysine (Ret-PL

Polymerase Chain Reactions (PCR).
Genomic DNA was extracted from cell pellets using a DNA extraction kit (Qiagen, Valencia, CA). A unique and specific 1,036bp sequence of the E. coli lacZ gene analyzed with the 5700 software detection system and corrected for total DNA content using a Spectrophotometer, (DU640B, Beckman, Fullerton, CA). An R of > 0.99 was required for standard curves. The sensitivity of the assay was determined to be 10 copies per sample. Copy number per cell was determined by determining sample lacZ copy from a standard curve. Southern together with different dilutions of purified Not I digested pACMVLacZ plasmid DNA fragments to establish a standard. The membranes were probed with the above described lacZ specific probe and the radiographic intensities were determined using a chemiluminescent 4000 Low Light
Imaging System (Alpha Innotech Corporation, San Leandro, CA). Copy number per cell was calculated using previously published formulas where the band intensity of the transduced clones were compared to intensities from the standard curve (22) (23) (24) . To investigate the hypothesis that polylysine conjugation would enhance retrovirus transduction, retrovirus molecular conglomerates were synthesized by biotinylation and linking it to avidinylated polylysine. Our data demonstrate that at low moi, formation of molecular conjugates synthesized with amphotropic virus (aMMLV-PL) substantially enhances transgene expression over the equivalent amount of free amphotropic retrovirus (aMMLV-B) . The human cell lines tested were permissive to infection with amphotropic retrovirus, thus increasing moi eventually resulted in nearly 100%
transduction efficiency with both virus vectors. Therefore, the advantage in this particular experimental setting was limited to a transduction enhancement observed at low moi.
The mechanism of the increased transduction efficiency of amphotropic conjugates could be explained through enhancement of virus uptake via their natural receptors, or the utilization of an alternate pathway for virus uptake. The former concept has been proposed for fibronectin meditated retrovirus transduction augmentation (31;32) . This model proposes that fibronectin facilitates colocalization of retrovirus particles and target cells with a large increase in local virus titer presented to the cell (31) (33;34) . Similarly, the adjunct use of the positively charged polycations, such as polybrene, in retroviral gene transfer procedures has long been known to nonspecifically promote retrovirus transduction efficiency and is now used for many protocols (35) .
To proof that the entry mechanisms of retrovirus-polylysine conjugates are independent of natural receptors and are entirely polylysine mediated, experiments were designed using ecotropic retrovirus Compared to individually retargeted retrovirus particles, conglomerates consist of multiple virus particles bound to polylysine thus providing a higher likelihood of delivering one intact virus to the nucleus. This explanation of an added survival benefit is supported by studies where DNA bound to polylysine was found to have significantly enhanced resistance to intracellular degradation over free DNA (39) . Similar to DNA, the retrovirus particles may be relatively protected from nuclease digestion within the polylysine conglomerate formation. Therefore, the improved transduction efficiency could result as the combined effect of both polylysine mediated enhanced uptake and also improved retrovirus survival from cytosolic degradation. 
